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DATA ACQUIRED IN 2 FIELD POSITIONS
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BCS Trapezoid Configuration Achieves > 0.9998 Emissivity (From SBRS)

MODIS
Full Aperture

1

2

3

4

5

LBCS = wP1•L(λ,TP1) + wP2•L(λ,TP2) + wP3•L(λ,TP3)

P1

P2

P3

Blackbody Calibration Source
(BCS)

CAL-8
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The MODIS On-Board Calibrator
(OBC) Blackbody

Dimensions: Inches

1

2

3

4

More than 90% of the reflected light
undergoes at least four specular

reflections to achieve > 0.992 emissivity

view
 ax

is

12X 39.2˚12X 39.2˚

CAL-9
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DATA FORMAT ISSUE

• THE FIRST ARE LAST     and

THE LAST ARE FIRST
– SBRS detector numbering convention not consistent

with COTS Earth-mapping conventions
– L1A renumbers to COTS-friendly (pixel) order
– MCST characterization work done in SBRS (detector)

numbering conventions
– L-7 IR band (some channels) saturated for ~ half year

due to this issue

NOTE: All the MCST Look-up Tables (LUTs) are published in the
SBRS-detector numbering convention and this detector numbering
convention is inverted from the pixel convention used in the MODIS
Level-1 products.  To investigate an “anomoly” in pixel 7 of Band 10
in L1 product, must look at characterization data for detector 3 of that
Band.
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Detector Number Convention for
MODIS Sensor

LWIR (abbrievated)
Band 30  29  28 27  33 34 35
Scan 1 10 10 10 10 10 10 10

9 9 9 9 9 9 9
8 8 8 8 8 8 8
7 7 7 7 7 7 7 T
6 6 6 6 6 6 6
5 5 5 5 5 5 5
4 4 4 4 4 4 4
3 3 3 3 3 3 3
2 2 2 2 2 2 2
1 1 1 1 1 1 1

Scan 2 20 20 20 20 20 20 20
19 19 19 19 19 19 19
18 18 18 18 18 18 18
17 17 17 17 17 17 17 T
16 16 16 16 16 16 16
15 15 15 15 15 15 15
14 14 14 14 14 14 14
13 13 13 13 13 13 13
12 12 12 12 12 12 12
11 11 11 11 11 11 11

Above  numbering convention is SBRS "detector" convention

The arrow shows the track direction, which is the direction of satellite motion.
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Pixel Numbering Convention for L1B Product

Below numbering convention is L1 Product "pixel" numbering convention
LWIR (abbrievated)

Band 30  29  28 27  33 34 35
Scan 1 1 1 1 1 1 1 1

2 2 2 2 2 2 2
3 3 3 3 3 3 3
4 4 4 4 4 4 4 T
5 5 5 5 5 5 5
6 6 6 6 6 6 6
7 7 7 7 7 7 7
8 8 8 8 8 8 8
9 9 9 9 9 9 9

10 10 10 10 10 10 10
Scan 2 11 11 11 11 11 11 11

12 12 12 12 12 12 12
 13 13 13 13 13 13 13

14 14 14 14 14 14 14 T
15 15 15 15 15 15 15
16 16 16 16 16 16 16
17 17 17 17 17 17 17
18 18 18 18 18 18 18
19 19 19 19 19 19 19
20 20 20 20 20 20 20

Charts showing the SBRS detector (previous chart) and L1 Product pixel (this chart) 
numbering conventions for consecutive scans at a specific frame or location across scan line,
 e.g. at nadir.   The benefit of the L1 Product pixel convention is the logical progression   
of samples for mapping software.   Sample X from Scan Y is labeled as "X+10*(Y-1)"

The arrow shows the track direction, which is the direction of satellite motion.
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Pre-launch Crosstalk Observation
 (Spatial/Spectral OOB Response Testing)

PCX-20
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Lincoln Laboratory Measured Scan
Mirror Average Reflectance

CAL-22
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Principal Scan Angles Mapped to
Scan Mirror Angles of Incidence
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(Earth View: -55˚ to 55˚)
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MCST/Sun De-striping Algorithm

• PHYSICAL ASSUMPTION: Image should be smooth
across channels in-track, at each AOI, for each mirror side

• APPROACH: Uses Least Mean Square Method to
determine improved linear gains for each channel, and
improved RVS at each AOI, each MS, starts with Scaled
Integer from product; best results when applied to scenes
that appear to have little to no geophysical structure

• CONSTRAINT: Improved relative linear gains and RVS
must be physically realistic, and best to be within
measurement uncertainty

• Table on following page contains the pertubation values
for measured RVS and linear gains
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Conclusions: MCST/Sun Algorithm

• Shows promise, but algorithm still in experimental stage

• Applied only to Band 8 data so far

• Does much better at beginning of scan than end of scan
– Such a result may be expected from geophysical basis

• Do not fully understand yet details of how to implement
this operationally in L1B, but would need to navigate
scenes by hand to determine improved RVS and linear
gains

• MCST and users (Miami!) must work closely together to
sort out this approach as well as others; hopefully one will
be good enough to apply operationally in L1B product
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CAL-37

TOA B31 & B32 Temperature Retrieval Difference
Between a0, a2 (Pre-launch) and b0, b2 (On-orbit)

B31 B32

K
m

∆T = TEV (b0,b2 ) − TEV (a0 ,a2 )

Images begin with mirror side 1
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Radiometric Section 2



MM"XX"= FUNCTIONAL REFERENCES  HARDWARE DESIGNATORS

Figure 10.  MODIS Electronics Block Diagram
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ADC List

ADC # ADC Name Bands ADC # ADC Name Bands

1 VIS (p) 3,4, 8-12 15 PCB31 (p) 31
2 VIS (r) 16 PCB31 (r)
3 NIR1 (p) 1 17 PCB32 (p) 32
4 NIR1 (r) 18 PCB32 (r)
5 NIR2 (p) 2 19 PCB33 (p) 33
6 NIR2 (r) 20 PCB33 (r)
7 NIR3 (p) 13-19 21 PCB34 (p) 34
8 NIR3 (r) 22 PCB34 (r)
9 SMIR5 (p) 5,6,7 23 PCB35 (p) 35
10 SMIR5 (r) 24 PCB35 (r)
11 SMIR20 (p) 20-26 25 PCB36 (p) 36
12 SMIR20 (r) 26 PCB36 (r)
13 LWIR (p) 27-30
14 LWIR (r) PC Bands ADC Conversion Time: 15 s

PV Bands ADC Conversion Time: 800 ns p / r:   primary / redundant
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Component Level Testing

• 16-bit DAC used as calibrator for the 12-bit ADC

• Minimum 2 DAC steps for each of the ADC DN step
(level)

• Averaging 200 - 400 samples per DAC step

• BFSL method used to fit the averaged ADC DN data set
-> Integral Non-linearity (INL)

• No test for LWIR PC bands ADCs

• Periodic pattern observed
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Component Level Testing
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Component Level Testing
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On-orbit ADC Performance

• MCST EV data histogram for RSB and TEB
– Some periodic patterns observed

– PC bands (B31-36) show same channel dependent
structure

• B-side (day 313, 25 granules) and A-side
(day 77, 12 granules) show similar
histogram



A-Side



A-Side



A-Side









Figure 1. Histogram of the occurrence of digital counts in Bands 20, 22
and 23 at Level 1a processing for one granule. Output from all channels
(detectors) are shown.  (U. Miami/Minnett, et. al.



Figure 4. As figure 1, but output from each channel (detector) shown separately.
Note the output from detector 4 of band 22 is biased off-scale. (U. Miami/
Minnett, et. al.



Figure 3. As Figure 2, but on an expanded horizontal
scale. (U. Miami/Minnett, et. al.)



Figure 15. As figure 12, but output from each channel
(detector) shown separately. (U. Miami/Minnett, et. al.)



SPECTRAL 24

Note:  Model anticipates SW/MWIR detector roll-off at 4.7 µm













MODIS Operational and Calibration
Ranges
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Vertical bars represent temperatures of  0.3Ltyp and 0.9 Lmax.  Box symbols represent 
Tmax_spec,  X symbols represent the value of Tmax_set (the higher of tMaxspec or 315K), and 
the diamond  symbols represent the temperature of Ltyp.







Reflectance for Spectralon SRM-99O
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Figure 10

Figure 10. Difference of BRDF
relative to the NIST value as a function
of viewing angle for Spectralon at 440
nm.  The incident angles are indicated
in the panels, and the participants are
given in the legend. From Early, et.al.,
J. A. O. Tech, 17, 1077-1091 (2000)
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Figure 11

Figure 11. Difference of
BRDF relative to the NIST
value as a function of viewing
angle for Spectralon at 633
nm.  The incident angles are
indicated in the panels, and the
participants are given in the
legend. From Early, et.al., J. A.
O. Tech, 17, 1077-1091 (2000)
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Figure 11. Difference of BRDF
relative to the NIST value as a
function of viewing angle for
Spectralon at 633 nm.  The
incident angles are indicated in
the panels, and the participants
are given in the legend. From
Early, et.al., J. A. O. Tech, 17,
1077-1091 (2000)



Figure 1.  MODIS RSB SNR from Pre-launch, Post-launch and Specification at Ltyp
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MODIS PFM TEB On-orbit NEdL (@ Ltyp) vs. Pre-launch and Specification 
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MODIS PFM TEB On-orbit NEdT (@ Ltyp) vs. Pre-launch and Specification 
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RADIOMETRIC CHARTS -
Section 3













VIS 1 KM LOG SCALE

• RESPONSE TO 1KM SLIT

• MERGED 2 COLLECTS AT
1/2 PIXEL PHASE SHIFT

•SAMPLES DISPLACED BY
  POSITION ON FPA (SAMP_OFF)
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Figure 5.5-1: Line Spread Functions for two identical bands located on 
far-left and far-right of FPA
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PFM RESPONSE CONSIDERABLY
BETTER THAN EM

Comparison of Band 8 EM and PFM NFR
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DATA ACQUIRED IN 2 FIELD POSITIONS
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MODIS RESPONSE TO FULLY POLARIZED BEAM
BANDS 3, 6 - 10, 14-17, 26 UAID 720, 721, ZERO

DEGREE AOI (Cont’d)

• LARGEST POLARIZATION IN B8

• LOW BUT RETRIEVABLE
 POLARIZATION IN BAND 6
• BAND 5 SIGNAL TOO LOW

8

6

5



CURVE FIT EXTRACTS COS2θ COMPONENT
FROM SIGNAL OBSERVED

• RATIONALE FOR CURVE FIT
  TO BE DISCUSSED LATER IN
  ADVANCED TOPICS SECTION



RESULTS:  VIS MEASURED AND FIT
POLARIZATION FACTOR

SPECIFICATION

• NO SPEC ON BAND 8
• BAND 9 FAILS AT ALL
  SCAN ANGLES
• BANDS 3 AND 11 FAIL AT 45°

SPECIFICATION

MEASURED

FIT



SPECIFICATION

RESULTS:  NIR MEASURED AND FIT
POLARIZATION FACTOR

• BANDS 14, 17, 18 AND 19 FAIL
  AT 45°

SPECIFICATION

MEASURED

FIT



REPEATABILITY ANALYSIS PERFORMED
ON EARLY DATA SETS

Band 11 Channel to Channel variation
 (-45 scan angle)    
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Band 13 Channel to Channel variation
 (-45 scan angle)    
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• TWO DATA SETS, 702 AND 704 SEPARATED BY TWO DAYS
• ANALYSIS PERFORMED BY E. KNIGHT





COMPARISON OF OFC AND OCLI DBS #1
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OFC DBS USED IN PFM HAS MORE
POLARIZATION

• OFC DICHROIC SELECTED FOR LOWER SCATTER PROPERTIES



Reflectance for Spectralon SRM-99O
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MODIS Operational and Calibration
Ranges
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Vertical bars represent temperatures of  0.3Ltyp and 0.9 Lmax.  Box symbols represent 
Tmax_spec,  X symbols represent the value of Tmax_set (the higher of tMaxspec or 315K), and 
the diamond  symbols represent the temperature of Ltyp.



For FM1, Bands 33 and 35, we will not get science data when OBC-
BB temperature above about 300 K

Band 31 and 32 Tsat
reset to about 340 K







TERRA MODIS PFM CFPA Anomaly Chart 1
Long Term Daily Avg Plot
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 • 6/10 forward - Add FAX daily Avgs to MODIOT long term data
 • 6/21 3 Roll Maneuvers with CFPA bias chgs
 • 7/1 Missing about 2 of 24 hrs of  data, ? Avg impact



MODIS PFM On-orbit Focal Plane Temperature (SMIR)
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MODIS PFM On-Orbit Averaged Focal Plane Temperature Difference
(T_fpa@ms1 - T_fpa@ms2, SMIR - Blue, LWIR - Red) 
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B_side Itwk/Vdet = 79/110


